. When something appears suddenly in our peripheral viBecause these basic visual dimensions are computed sion, we cannot help but notice it. That object momenin early visual cortex, these psychophysical results sugtarily seizes our attention, even when the low acuity of gest that transient attention should enhance neural acperipheral vision may prevent us from fully identifying tivity in early stages of visual processing. This hypotheit. This situation exemplifies the operation of an involsis, although appealing, lacks direct physiological untary, stimulus-driven mechanism of attentional conevidence. Here, we tested this hypothesis by measurtrol. Together with the voluntary, goal-driven mechaing brain activity in early visual areas using fMRI in connism for deploying attention, the two mechanisms junction with a peripheral cueing paradigm to manipuenable us to prioritize the processing of visual informalate transient attention. tion in various tasks. They can do so covertly, viz., with-A number of previous human neuroimaging studies out eye movements, and they enable us to selectively have examined the control mechanism of attentional attend and process a subset of the vast amount of incapture in frontoparietal networks (reviewed in Corformation that impinges on our retina at any moment betta and Shulman, 2002), but those studies have not (Jonides, 1980; Nakayama and Mackeben, 1989; Yantis, addressed the effects of transient attention on the stim-2000). In behavioral studies, the two attentional sysulus representations in the visual cortex. This is pertems can be differentiated by their distinct temporal dyhaps due to a potential measurement difficulty with the namics. Voluntary, goal-driven attention is slow and peripheral cueing paradigm used to manipulate tranmaintained over long periods of time, whereas involunsient attention. In this paradigm, a cue is briefly pretary, stimulus-driven attention is fast and decays sented in the periphery and quickly followed by a stimquickly (Jonides, 1980; Nakayama and Mackeben, ulus nearby; the cue draws attention to the location of 1989; Yantis, 2000). Here, we refer to the two systems the upcoming stimulus. Because the spatiotemporal as sustained and transient attention, respectively. Both separation between the cue and stimulus is relatively types of attention improve performance in a wide varismall compared to the spatiotemporal resolution of imaging techniques, it is difficult to differentiate the sensory response to the cue and the attentional modula-
Figure 1. Experimental Design
The sequence of events in the precue and postcue trials is illustrated. Note that the onset of the Gabor stimuli within a trial is identical for the precue and postcue trials; both are 100 ms after trial onset. For the purpose of illustration, the Gabor stimuli are shown at a contrast of 50%, and the tilted Gabor stimuli are oriented ±10°. tion of the stimulus-evoked response and thus to rule and stimulus could not differentiate the order of the two. Thus, any differential effects between the precue out an explanation based on sensory summation.
We circumvented this methodological limitation with and postcue conditions cannot be attributed to purely sensory summation of the hemodynamic response to two innovations in our experimental design, a spatial and a temporal manipulation that complement each the cue and stimulus and must represent attentional modulation. other. First, to anatomically separate the cue and stimulus responses, we presented them above and below the In the experiment, we presented two Gabor patches simultaneously in the periphery, one vertical and one horizontal meridian, respectively (Figure 1 ). This spatial arrangement exploited the fact that early retinotopic tilted (Figure 1 ). Participants were asked to discriminate the orientation of the tilted Gabor (target); the vertical areas (V1, V2, and V3) form quadrant representations of the visual field (Horton and Hoyt, 1991) such that the Gabor was a distracter. We used orientation discrimination to assess the effect of attention on stimulus concue and stimulus would activate the ventral and dorsal partition of the visual cortex, respectively. Because V1 trast because performance on this task improves with increasing contrast (Cameron et al., 2002; Carrasco et has a contiguous hemifield representation, we conducted preliminary studies to determine the distance al., 2000; Lu and Dosher, 1998; Nachmias, 1967), and because fMRI response increases monotonically with necessary to separate the cue and stimulus activity within V1. However, this spatial control is not effective stimulus contrast (Boynton et al., 1999). Each Gabor display was either preceded (precue trial) or followed for higher visual areas with a hemifield representation and larger receptive fields (e.g., V3a and hV4), which (postcue trial) by a cue that was either valid or invalid. The terms "valid" and "invalid" refer to whether the cue will likely give rise to overlapping activations of the cue and stimulus. Furthermore, given subthreshold activaand target appeared on the same or on opposite sides, respectively. In fact, the cue was not predictive of the tion as well as imperfect image coregistration and surface reconstruction, it may not be possible to comlocation of the target (50% validity), nor was it predictive of its orientation. Participants were explicitly told pletely isolate the cortical locations activated by the cue and stimulus even in the early retinotopic areas.
that the cue was completely uninformative regarding both target location and orientation and that there was Thus, in addition to the spatial control, we also manipulated a temporal feature: we used postcues in addition no benefit whatsoever in using the cue to perform the task (Carrasco et al., 2004a; Gobell and Carrasco, to precues (Figure 1, right panel) 
Results

Behavior
Discrimination accuracy and reaction time (RT) were computed for each participant in each condition, and the group average is shown in Figure 3A . The valid pre- 
Discussion
We found that an uninformative peripheral precue improved discrimination performance. The cues contained no information: they were not indicative of the location or the orientation of the target Gabor, and participants knew this. Because there was neither a benefit nor an incentive for participants to use the cues to direct their voluntary attention, and the timing between the cue and the stimulus was not long enough for the deployment of sustained attention, the topdown component in the task was minimized, which allowed us to isolate Critically, however, the response in these areas was siggle-unit physiology (Treue and Maunsell, 1996) . A large attentional effect leads to an AMI value close to 1, and nificantly larger for the valid precue than for the valid postcue condition. This difference suggests that the a small effect leads to an AMI value close to 0. The we also acquired T1-weighted anatomic images in the same slices as the functional images (spin echo; TR = 600 ms; TE = 9.1 ms; flip All participants received 1-2 hr of practice on the task outside the scanner. During the practice, we estimated the amount of tilt for angle = 90°; resolution = 1.5 × 1.5 × 3 mm). The in-plane images were used to align functional images from different sessions to the each individual participant such that accuracy on the orientation discrimination task was in an intermediate range (around 75%). The same high-resolution anatomic volume for each participant.
